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57 ABSTRACT 
Atmospheric conditions experienced by a vehicle are 
controlled in response to the sensing of an absolute 
value of a parameter indicative of desired conditions 
and thereafter, when conditions within an acceptable 
range are achieved, in response to a differential sensing 
of variations of the parameter from that achieved on the 
basis of the absolute sensing. 

8 Claims, 3 Drawing Figures 
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HIGH RESOLUTION VEHICLE CONTROL 
SYSTEM 

DESCRIPTION 5 

Technical Field . 
This invention relates to a system for controlling the 

operational atmosphere experienced by a vehicle. 
2. Background Art 
In controlling the atmospheric conditions experi 

enced by a vehicle, it is normal practice to control a 
particular parameter indicative of the desired condi 
tions. For example, control of the operational depth of 
an undersea vehicle may be effected by maintenance of 
a desired water depth pressure at the exterior of the 
vehicle hull. Likewise, comfort control in the cabin of 
an aircraft may be effected by controlling cabin pres 
sure and temperature. Typically, such control involves 
a sensing of the parameter, comparison of the parameter 
with a known desired value corresponding to the condi- 20 
tions sought to be achieved and adjustment in some 
aspect of vehicle operation to minimize the error be 
tween the actual and desired values of the relevant 
parameter. 

In general, prior art vehicle control systems sense the 25 
parameter with an absolute sensor, i.e., one which 
senses with respect to a fixed reference value of the 
parameter. In pressure sensing for depth controls, abso 
lute pressure sensors most often use sea level (zero 
water pressure) as the reference value. Thus, it will be 30 
seen that depth control at extreme depths (several thou 
sand feet) with such an absolute sensor, requires high 
sensor accuracy over a broad operating range for deter 
mining when a desired reference depth is reached by the 
vehicle as well as high resolution for sensitivity to unde- 35 
sired straying of the vehicle from the reference depth. 
While high accuracy sensors and high resolution sen 
sors are known, sensors exhibiting both high accuracy 
over a wide range, as well as high resolution and sensi 
tivity to parametric changes, if available at all, are gen- 40 
erally characterized by such cost and complexity as to 
render prohibitive the use thereof for applications of the 
control system of this invention. 

In some instances, operation at a constant control 
value of the parameter within a relatively broad range 45 
(as determined by sensor accuracy) about a desired 
reference value of the parameter (- a given percent 
age) may be just as acceptable as operation at the partic 
ular reference value itself. For example, in an aircraft, 
passenger comfort does not seem to suffer from opera- 50 
tion at cabin pressures corresponding to altitudes hun 
dreds of feet different from the actual altitude, so long 
as cabin pressure is held constant. Likewise, in the oper 
ation of undersea vehicles, precise maintenance of a 
control depth within a range of a desired, reference 55 
depth may be just as acceptable as operation precisely at 
the reference depth itself. As will be apparent from the 
following discussion, such control by maintenance of a 
constant control value of a parameter within an accept 
able range of a desired reference value of the parameter 60 
is achieved by the present invention without necessitat 
ing the prohibitively complex and costly high accuracy 
and high resolution absolute sensors described herein 
above. 
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DISCLOSURE OF INVENTION 65 

It is therefore among the objects of the present inven 
tion to provide a system for controlling the operating 

2 
characteristics of a vehicle without the need for com 
plex and expensive, high accuracy, high resolution sens 
ing and measuring equipment. 

In accordance with the present invention, atmo 
spheric conditions experienced by a vehicle are con 
trolled in response to the sensing of an absolute value of 
a parameter and, when conditions are brought to a 
control value within an acceptable range of a desired, 
reference value of the parameter, atmospheric condi 
tions are controlled in response to a differential sensing 
of variations from the control value. In this manner, 
atmospheric conditions of the system are controlled 
with high resolution yet without the cost and complex 
ity associated with high-accuracy, high resolution abso 
lute sensors. 
The control system of the present invention finds 

utility in undersea vehicles for controlling depth (atmo 
spheric conditions at the exterior of the vehicle hull) as 
well as in aircraft for controlling cabin pressurization 
(atmospheric conditions within the aircraft interior). 
The system comprises an absolute pressure sensor, a 
differential pressure sensor and a controller responsive 
to the outputs of the two sensors. The controller con 
trols vehicle pressurization in response to the absolute 
sensor to achieve operation at a control pressure within 
a range (as determined by absolute sensor accuracy) of 
a desired reference pressure, and in response to the 
differential pressure sensor, to minimize excursions of 
the vehicle from the control pressure. 

BRIEF DESCRIPTION OF ORAWINGS 

FIG. 1 is a schematic representation of a submergible 
vehicle with which the control system of the present 
invention may be employed; 
FIG. 2 is a schematic representation of the control 

system of the present invention; and 
FIG. 3 is a schematic representation of another type 

of vehicle with which the control system of the present 
invention may be employed. 8 

BEST MODE FOR CARRYING OUT THE 
INVENTION AND INDUSTRIAL 
APPLICABILITY THEREOF 

FIG. 1 diagrammatically illustrates a submergible 
vehicle (buoy) employing the control system of the 
present invention, the vehicle comprising a source of 
pressurized gas 10 feeding an enclosure or chamber 
(hull) 15 through conduit 20 having pressure regulator 
25 disposed therein, regulator 25 being operated by 
actuator 30. Any suitable gas such as air or nitrogen 
may be employed. Source 10 may comprise a vessel 
filled with a stored high pressure gas, or a means for 
generating gas from a solid or liquid propellant such as 
gunpowder or hydrazine, respectively. Actuator 30 is 
operated by controller 35. Pressure regulator 25 lowers 
the pressure of the gas admitted into enclosure 15 from 
tank 10 to establish consistency of gas flow downstream 
of the pressure regulator at given valve settings, and to 
provide a positive pressure to the interior of enclosure 
15 slightly higher than local water pressure to reduce 
the loads on the enclosure and minimize the required 
strength of the enclosure walls. Gas is vented from 
enclosure 15, when required, through valve 37 operated 
by actuator 38 which is controlled by controller 35. 
The vehicle further comprises a rigid walled buoy 

ancy chamber 40 which accommodates a volume of gas 
45 and a volume of water 50 therewithin, the propor 
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tions of gas volume and water volume determining the 
buoyancy of the vehicle. Gas is admitted into buoyancy 
chamber 40 from the interior of enclosure 15 through 
valve 55, operated by actuator 60 which is controlled 
by controller 35. Air is vented from buoyancy chamber 
40 through valve 65 in conduit 67, this valve veing 
operated by actuator 70 which is also controlled by 
controller 35. Water is both admitted into and dis 
charged from buoyancy chamber 40 through valve 75 
operated by actuator 80 controlled by controller 35. 

Enclosure 15 also houses a reference volume (refer 
ence pressure chamber) 85, gas being admitted into the 
reference volume and discharged therefrom through 
valve 90 operated by actuator 95, also controlled by 
controller 35. Controller 35 receives input signals 
thereto from an absolute pressure sensor 100 which 
senses the pressure (relative to sea level) of water at the 
depth of the buoy and from a differential pressure sen 
sor 105 which senses the difference in pressure between 
the interior of reference volume 85 and the water at the 
depth of the buoy. Controller 35 also receives an input 
signal thereto from a differential pressure sensor 120 
which senses the difference in pressure between the 
interior of enclosure 15 and the water at the depth of the 
buoy. Signals are provided to controller 35 from sensors 
100, 105 and 120 through lines 110, 115 and 125, respec 
tively. The controller is programmed with one or more 
values of desired operational depths. 

Operation of the vehicle is as follows. Assuming for 
purposes of illustration that the vehicle is submerged at 
a given depth and operation of the vehicle at a greater 
depth programmed within controller 35 is desired, the 
controller compares the value of desired depth with the 
actual depth sensed by pressure sensor 100 and ener 
gizes actuators 70 and 80 to open valves 65 and 75, 
respectively. Opening valve 65 releases gas 45 from 
buoyancy chamber 40, the volume of released gas being 
replaced in the buoyancy chamber by water admitted 
thereinto through valve 75. The water level in chamber 
40 having increased, the buoyancy of the vehicle is 
reduced and the vehicle descends. As the vehicle de 
scends, the water pressure on enclosure 15 increases and 
therefore, controller 35 energizes actuator 30 on the 
basis of the input signal from pressure sensor 120 to 
adjust pressure regulator 25, admitting more gas into 
the enclosure to raise the pressure thereof so that it 
remains slightly higher than the surrounding water 
pressure to react to the sea's compressive loading of the 
enclosure exterior. Actuator 38 remains unenergized, 
holding valve 37 closed so that no gas escapes from the 
enclosure. 
When the vehicle reaches the desired depth, valves 

55, 65 and 75 are closed to hold the buoyancy of cham 
ber 40 and thus the buoyancy of the vehicle itself, con 
stant. Closing valves 55, 65 and 75 fully seals the rigid 
buoyancy chamber thereby obviating positive feedback 
instabilities characteristic of prior art buoyancy control 
systems. Valve 37 is closed and pressure regulator 25 is 
adjusted to hold the pressure internally of enclosure 15 
at the desired value. 
Assuming that operation of the vehicle at a lesser 

depth is then desired, controller 35 opens valve 55 
whereby additional gas is introduced into chamber 40, 
valve 75 being held open to allow discharge from cham 
ber 40 of water displaced by the gas. Valve 65 remains 
closed. The decreased water volume in chamber 40 
increases the buoyancy of the vehicle and the vehicle 
ascends to the desired depth. During such ascention, 
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4. 
controller 35 opens valve 37 on the basis of the output 
of pressure sensor 120, thereby selectively venting en 
closure 15 to hold the pressure internally thereof to that 
of the surrounding water. 
For the control of valves 25, 37, 55, 65 and 75 as 

described hereinabove, controller 35 receives a signal 
from sensor 100 indicative of absolute water pressure, 
compares this signal with a preprogrammed value of 
pressure corresponding to the desired depth, and actu 
ates the valves in the manner described to minimize any 
error between these signals in any manner well known 
in the art. The controller may be provided with cir 
cuitry to modulate the comparison of the actual and 
desired pressure (depth) signals with the output of a 
real-time clock circuit to measure and control vehicle 
velocity. Such control techniques are well known in the 
art and are therefore not disclosed in any greater detail 
herein. 
From the description herein it will be understood that 

for moderate operational depths, vehicle depth may be 
controlled on the basis of absolute water pressures. 
However, when extensive operational depths (on the 
order of several thousand feet) are required, known 
absolute pressure sensors may not have sufficient accu 
racy or resolution to locate the vehicle at a desired 
depth and thereafter to hold the vehicle precisely at that 
particular depth. Indeed, in certain applications, opera 
tion at a depth, within a given range (as determined by 
sensor accuracy) of a particular reference depth, may be 

30 just as acceptable as operation at the exact reference 
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depth. Referring to both FIGS. 1 and 2, the vehicle of 
the present invention employs a unique control circuit 
which maintains the vehicle at a constant depth within 
that range. Referring specifically to FIG. 1, as the vehi 
cle ascends or descends to the reference depth as sensed 
by absolute pressure sensor 100, controller 35 maintains 
valve 90 opened by operation of actuator 95. When the 
vehicle approaches the desired range of the reference 
depth, valve 90 is closed, trapping a sample of the atmo 
sphere within enclosure 15 inside reference volume 85. 
As set forth hereinabove, controller 35 maintains the 
atmosphere within enclosure 15 at a slightly higher 
pressure than the water pressure at the vehicle depth. 
Accordingly, at the desired depth, the gas pressure 
within chamber 85 is slightly higher than that indicated 
by absolute pressure sensor 100, and a differential pres 
sure sensor 105 sends a signal to controller 35 indicative 
of this slight difference in pressure. 
As set forth hereinabove, small changes in depth 

pressures which occur as the vehicle strays from its 
controlled depth are sensed by differential pressure 
sensor 105 which need only be of a narrow operating 
range. Inasmuch as absolute pressure sensor 100 is re 
quired for determinations that the vehicle is at its refer 
ence depth range, sensor 100 could also be used to de 
tect that the vehicle had strayed from its reference 
depth, thereby avoiding the need for sensor 105. How 
ever, sensor 100 must operate over a very large pressure 
range, from zero depth pressure at sea level to as high as 
thousands of psi. Therefore, the inherent sensitivity and 
resolution of sensor 100 in detecting small excursions of 
the vehicle from its control depth is limited and signifi 
cantly less than the inherent high resolution and sensi 
tivity of the narrow range differential pressure sensor 
105. Inasmuch as the amount of gas required to correct 
errors in vehicle control depth during a given opera 
tional period is inversely proportional to the resolution 
and sensitivity with which the depth error is detected, 
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the characteristic high resolution and sensitivity of dif 
ferential sensor 105 enhances the length of time the 
vehicle can hover at its control depth with a given 
initial quantity of control gas. 

Referring to FIG. 2, that portion of controller 35 
which controls valves 55, 65 and 75 to maintain the 
vehicle at a constant control depth is shown within 
dashed line 125. As illustrated, the output of differential 
pressure sensor 105 is fed to controller subsystem 125 
through line 115. This output signal is fed through line 
115 to a multiplier 130 where the signal is multiplied by 
a first constant K1. The output of pressure sensor 105 is 
also fed to circuit 135 which differentiates the signal 
with respect to time, the output of differentiator 135 
being fed to multiplier 140 which multiplies this signal 
by a constant K2. Differentiator 145 in line 150 is fed the 
output of differentiator 135 and takes the derivative of 
this signal with respect to time (the second time deriva 
tive of the output of pressure sensor 105). The output of 
differentiator 145 is fed to multiplier 155 where it is 
multiplied by a third constant K3. Constants K1, K2 and 
K3 scale the output of pressure sensor 105 and the first 
and second time derivatives thereof so that these signals 
may be summed in summing circuit 160. The output of 
summing circuit 160 is fed to digital data lookup mem 
ory or analog function generator 165 if the output is 
positive in sign, or, if the output is negative in sign, to 
lookup memory or function generator 170. Function 
generators 165 and 170 provide output signals of Time 
of valve opening divided by VPabs as functions of the 
signals fed to these circuits from summer 160. The out 
put of lookup memory 165 is fed to a multiplier 175. 
Multiplier 175 is also fed a signal indicative of VPabs 
from circuit 180 which takes the square root of the 
absolute pressure signal provided by pressure sensor 
100. Multiplier 175 multiplies the two input signals 
thereto, thereby cancelling the VPabs term from the 
output of circuit 165. In like manner, multiplier 185 
cancels the VPabs term from the output of circuit 170, 
whereby time signals are fed to actuators 60 and 70 
through lines 190 and 195, respectively. Accordingly, it 
will be seen that a net positive sum of the scaled pres 
sure sensor output signal and the first and second deriv 
atives thereof is converted into a time pulse input signal 
to actuator 60 thereby opening valve 55 to increase the 
buoyancy of the vehicle. Similarly, if the sum of the 
scaled pressure signal and the first and second deriva 
tives thereof is negative in sign, a time pulse signal is fed 
to actuator 70 to open valve 65 thereby venting gas 
from chamber 40. Opening either valve 55 or 65 is ac 
companied by an opening of valve 75 as described here 
inabove, diodes 197 and 198 passing a signal to energize 
actuator 80 whenever actuator 60 or actuator 70 are 
energized. The simultaneous shutting of valves 55, 65 
and 75 seals chamber 40 to prevent positive feedback 
instabilities exhibited in prior art buoyancy control sys 
tems. 

In addition to its suitability for controlling the exter 
nal atmosphere (depth) of a submergible vehicle, the 
control system of the present invention is also well 
suited for control of other regulated pressure applica 
tions such as the internal atmosphere (cabin pressure) of 
an aircraft. In FIG. 3, bleed air from a gas turbine en 
gine 210 is delivered to cabin (chamber) 215 of the 
aircraft through inflow valve 220 operated by actuator 
225 which is controlled by controller 230. Stale air is 
vented from cabin 215 by outflow valve 235 operated 
by actuator 240, also controlled by controller 230. Ab 
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6 
solute cabin pressure is sensed by absolute pressure 
sensor 245, the output thereof being fed through line 
250 to the controller. Reference volume 255 communi 
cates with the cabin interior by way of valve 260 oper 
ated by actuator 265 also controlled by controller 230. 
Eifferential pressure sensor 270 senses the difference in 
pressure between the cabin and reference volume 255, 
the output of the sensor being fed to controller 230 
through line 275. 

Operation of the system shown in FIG. 3 is descrip 
tive of the airplane cabin example, but is analogous to 
that of the submergible vehicle discussed hereinabove. 
Cabin pressure is controlled by modulation of one or 
both valves 220 and 235 to attain a control pressure 
within a range (as determined by the accuracy of sensor 
245) of a desired reference pressure in response to input 
from absolute pressure sensor 245. When the control 
cabin pressure is reached, as sensed by sensor 245, con 
troller 230 signals actuator 265 to close valve 260 trap 
ping the desired atmospheric conditions within refer 
ence volume 255. Thereafter, excursions of cabin con 
trol pressure from the trapped reference pressure are 
sensed by differential pressure sensor 270. The output of 
differential pressure sensor 270 is fed to controller 230 
which modulates valves 220 and/or 235 (in a like man 
ner as valves 55 and 65 of the submergible vehicle) to 
maintain a constant operation at the cabin control pres 
S. 

While the control system of the present invention has 
been described with respect to depth control in a sub 
mergible vehicle and cabin pressure control in an air 
craft, it will be understood that this system may find 
utility with respect to various other vehicles. While a 
particular embodiment of the present invention has been 
shown and described, it will be understood that various 
modifications will, from the disclosure herein, suggest 
themselves to those skilled in the art and it is intended 
by the following claims to cover all such modifications 
as fall within the true spirit and scope of this invention. 

Having thus described the invention, what is claimed 
S. 

1. In a vehicle including a chamber, the pressure of a 
gas contained within said chamber determining atmo 
spheric conditions experienced by said vehicle and 
being controlled by the select flow of said gas from a 
source thereof to said chamber, and discharge of said 
gas from said chamber, through control valve means in 
fluid communication with the interior of said chamber, 
control apparatus characterized by: 

an absolute pressure sensor providing a first signal 
indicative of the absolute pressure of said atmo 
sphere; 

means providing a reference sample of a desired at 
mospheric pressure experienced by said vehicle 
interiorly thereof; 

a differential pressure sensor providing a second sig 
nal indicative of the difference in pressure between 
said sample and said atmosphere at conditions 
varying from said desired atmospheric conditions; 
and 

signal processing means responsive to said first signal 
for providing actuation signals to said control 
valve means as a function of the difference between 
said first signal and a desired reference pressure of 
said atmosphere to set a control pressure within 
said chamber within a range of said reference pres 
sure, said signal processing means also being re 
sponsive to said second signal for providing actua 
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tion signals to said control valve means as a func 
tion of said second signal to set a pressure within 
said chamber to reestablish said atmospheric pres 
sure at said control pressure thereof from un 
wanted excursions from said control pressure. 

2. The control apparatus of claim 1 characterized by 
said signal processing means providing said actuation 
signal to said control valve means as a function of the 
first derivative with respect to time of said second sig 
nal. 

3. The control apparatus of claim 1 characterized by 
said signal processing means providing said actuation 
signal to said control valve means as a function of the 
second derivative with respect to time of said second 
signal. 

4. The control apparatus of claim 1 characterized by 
said vehicle comprising an aircraft, said chamber com 
prising a cabin thereof supplied with pressurized air, 
said atmosphere comprising said cabin interior, said 
valve means comprising an inlet valve communicating 
with a source of said pressurized air and said cabin 
interior for controlling airflow into said cabin and an 
outflow valve communicating with ambient and said 
cabin interior for controlling the discharge of air from 
said cabin. 

5. The control apparatus of claim 4 characterized by 
said means providing a reference sample of said desired 
atmosphere comprising a reference volume located 
within said aircraft cabin and openable thereto and 
sealable therefrom, whereby the condition of said sam 
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8 
ple remains constant in the face of changing pressure 
within said vehicle interior. 

6. The control apparatus of claim 1 characterized by 
said vehicle being capable of hoverable submersion 
within a body of water, said atmospheric conditions 
being the static pressure of said water at the depth of 
said vehicle, said chamber comprising a sealable buoy 
ancy chamber supplied with said gas from a source 
thereof, and said valve means comprising first and sec 
ond valves, said first valve communicating with said 
buoyancy chamber and said gas source for the pressur 
ization of said buoyancy chamber and said second valve 
connecting said buoyancy chamber with ambient for 
venting said buoyancy chamber. 

7. The control apparatus of claim 6 characterized by 
a pressure regulator communicating with the interior of 
said vehicle and said source of gas and by an outflow 
valve through which the interior of said vehicle com 
municates with ambient and by said signal processing 
means providing actuation signals to said pressure regu 
lator and outflow valve as a function of said first signal 
for maintenance of said vehicle interior at substantially 
the same pressure as the static pressure of said water at 
the depth of said vehicle. 

8. The control apparatus of claim 7 characterized by 
said means providing a reference sample of said desired 
atmosphere comprising a reference volume located 
interiorly of said vehicle and openable thereto and seal 
able therefrom, whereby the condition of said sample 
remains constant in the face of changing pressure within 
said vehicle interior. 

k k s e s: 


